After the realization of Haberlandts' theory of totipotency (Krikorian and Berquam 1969 English translation) , in vitro culture of plants has become an integral part of advances in plant science research. Plant tissue culture techniques allow for close monitoring and precise manipulation of plant growth and development, the presence of a controlled environment in vitro to analyze specific source(s) of variation and the possibility of manipulating growth at the cell, tissue and organ levels. These benefits, and others, have given tissue culture and its application paramount importance. It is now possible to understand plant growth and its underlying phenomena in vitro. Aspects of plant growth that were barely understood before the advancement of the science of tissue culture, such as the metabolism and interaction of plant hormones, as well as their physiological effects are now well documented. In addition to its role in the advancement of plant science research, plant tissue culture is also contributing enormously in food production, crop improvement, production of secondary products and conservation of endangered species.
The development of tissue culture protocols is a rigorous procedure that involves optimizing the various chemical, physical and environmental factors of growth. It involves growing plants outside their natural environment and growth conditions. The artificial growth conditions are by no means the perfect substitutes for the natural ones. Furthermore, the natural variation in physiology and growth requirement among plant species warrants the need to optimize protocols for individual species. Despite the meticulous efforts involved in growing plants in vitro and the advances made in plant tissue culture, the application of this technique is still hampered by various physiological and developmental problems. The problems range from abnormal growth to increased genetic variability/instability. Papers in this Special Issue report on micropropagation problems related to developmental and physiological aspects such as shoot-tip necrosis (Bairu et al. 2011a) , fasciation (Iliev and Kitin 2011), tissue proliferation (Brand 2011), epigenetic changes (Smulders and De Klerk 2011), somaclonal variation (Bairu et al. 2011b ), effect of phenolics on rooting (De Klerk et al. 2011 ), alleviating problems related to caulogenic and rhizogenic processes (Moyo et al. 2011 ) and assessment of the role of metatopolins in micropropagation and the control of culture abnormalities (Amoo et al. 2011 ).
Shoot-tip necrosis
Shoot-tip necrosis is a phenomenon whereby the apical shoot becomes brown and later dies (McCown and Sellmer 1987) . The problem of non-pathogenic dieback or shoot-tip necrosis of in vitro cultures has been associated with various culture conditions. See Bairu et al. (2009) for recent review on shoot-tip necrosis. The discrepancy of reports on the role of cytokinins in shoot-tip necrosis is well documented. This is now partly addressed in this Special Issue by Bairu et al. (2011a) via a report on a metabolic study of necrotic and normal shoots of Harpagophytum procumbens. The paper reveals changes in cytokinin profiles in relation to cytokinin and auxin treatments on necrotic and normal shoots. It also discusses the role of auxin-cytokinin interactions in relation to shoot-tip necrosis.
Fasciation and tissue proliferation
Fasciation is abnormal flattening of stems due to failure of the lateral branches to separate from the main stem during growth. Some describe fasciation as fusion of organs due to deviation from normal meristematic processes while others suggest that it is the result of transformation of a single growing point into a line (Clark et al. 1993) . Iliev and Kitin (2011) review the origin, morphology and anatomy of fasciation with special emphasis to plants cultured in vitro.
'Tissue proliferation is a disorder primarily found in micropropagated rhododendrons that is characterized by the formation of abnormal callus-like growths, or tumors at or near the crown or base of the plant (Brand and Kiyomoto 1992)'. A review by Brand (2011) provides description, cause and management of tissue proliferation. In addition, an important distinction between tissue proliferation and a crown gall tumor caused by Agrobacterium tumefaciens is highlighted.
Epigenetic changes and somaclonal variation
Plant tissue culture involves asexual process and, in theory, should result in clonal propagation of true-to-type regenerants. Contrary to this expectation, however, epigenetic changes and somaclonal variation are common occurrences in plant tissue culture. When the objective is mass propagation and generation of uniform plants, such phenomenon are undesirable and often cause serious economic loss.
The distinction between epigenetic changes and somaclonal variation is that the former involves temporary changes in gene expression as a result of events such as change in DNA methylation. Such changes are temporary and often plants reverse to the normal phenotype although some changes may last longer (Brettell and Dennis 1991) . Smulders and De Klerk (2011) review the characteristics, cause, detection, rejuvenation and habituation of epigenetic changes with special emphasis to plant tissue culture.
Somaclonal variation on the other hand involves irreversible genetic change originating in cell and tissue cultures (Larkin and Scowcroft 1981) . Bairu et al. (2011b) provide a detailed account on the causes and detection methods of somaclonal variation as well as a comprehensive list of practical examples of species affected by somaclonal variation. The role of somaclonal variation as a useful tool in creating novel variants through induced variation is also highlighted.
The role of phenolics and plant growth regulators in alleviating developmental problems
Limited rooting ability of tissue cultured plants is an important factor challenging the use of tissue culture. After Thimann and Went (1934) remarked that auxin promotes adventitious rooting, several discoveries were made on aspects of rooting. These discoveries range from isolating new rooting hormones (natural and synthetic) to ways of enhancing their activities. In this Special Issue, De Klerk et al. (2011) examine the role of phenolics on rooting of stem slices of apple microshoots and evaluate the root stimulating efficiency of various phenolic compounds and their relationship with auxins.
The development of basal callus is one of the main physiological disorders that affect rooting competence of microplants. There are studies showing the sink effect of this basal callus thereby interfering with many physiological processes by trapping essential growth constituents such as plant growth regulators [see (Bairu et al. 2011a ) in this issue] in addition to its effect as a physical barrier. The problem is more severe in woody species where adventitious root and shoot formation are among the major bottlenecks due to recalcitrance to in vitro manipulation. Moyo et al. (2011) investigate the effect of some growth regulators in ameliorating these recalcitrant effects and improving in vitro caulogenic and rhizogenic processes. Amoo et al. (2011) assess the efficiency of meta-topolins in the micropropagation and alleviation of associated problems on the critically endangered plant-Barleria greenii in comparison with other cytokinins. They report the superiority of meta-topolins over some conventionally used cytokinins and provide some useful structure-function based explanations to the findings.
Collectively, the manuscripts in this Special Issue highlight the severity of the physiological and developmental problems in tissue culture and suggest ways of combating or alleviating the anomalies. They put into perspective the past and present knowledge of the various topics reviewed while indicating future directions. In doing so, they contribute towards our understanding of the discipline of plant tissue culture. We hope that the plant tissue culture community will find these contributions useful.
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